INTRODUCTION
During the last decades, the prevalence of non-insulindependent diabetes mellitus (NIDDM) increased worldwide, and the disease has become one of the major public health problems in Korea (1, 2) . NIDDM affects about 7.2% of Korean adults over 30 yr of age (3, 4) . Harboring a genetic background, the prevalence steadily increases with advancing ages. Other risk factors include obesity and a previous history of gestational diabetes or impaired glucose tolerance. Diet, exercise, and weight reduction have been implicated for the reduction of the risk for diabetes (5) . Natural history of diabetes in Korea seems to be quite different from that observed in western countries (6) . Most Korean patients with NIDDM have been reported not to be obese, and many of them lost weight significantly during the course of their disease (7, 8) . Most of all, the association between diabetes and obesity is unclear in Koreans. In cross-sectional studies, the patients with diabetes were more obese than the control groups (9) (10) (11) . However, a prospective cohort study over a 2-yr follow-up period showed that obesity was not a risk factor for the development of NIDDM (12) .
In this regard, we conducted a retrospective cohort study to investigate obesity as a risk factor for NIDDM among Korean adults.
MATERIALS AND METHODS

Study subjects
Initial cohort was established in 1991 and is for an ongoing study on the risk factors for chronic diseases, including hypertension and diabetes in Seoul, Korea. At Asan Medical Center in Seoul, 4,287 adults aged 17 to 80 yr received medical examination from June 1990 to February 1991. We reviewed their medical records from January 1998 to October 1999. Subjects without follow-up visit or with the final visit within 1 yr from the baseline medical examination were excluded. We defined the remaining 2,674 subjects as the Asan cohort.
For this study, we excluded 73 subjects who had had diabetes at baseline medical examination, and 7 subjects in whom diabetes had developed within 1 yr from the baseline medical examination. Another 63 subjects whose medical
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Baseline Measurements
The baseline medical examination consisted of medical history, physical examination, anthropometric measurements, and a health risk appraisal questionnaire (e.g. daily cigarette and alcohol consumption, physical activity level, family history of chronic disease, and past medical history). Anthropometric parameters, including height and weight, were measured with the subjects wearing light clothing without shoes. The body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). After overnight fasting, all participants were subject to laboratory examinations including fasting glucose and HbA1c.
Diagnosis of NIDDM
Two physicians reviewed the medical records of the Asan cohort to reveal the incidence of NIDDM from January 1998 to September 1999. Incident diabetes was defined by a report of pharmacologically treated diabetes at least 1 yr after the baseline medical examination or a physician' s diagnosis of diabetes in hospital records. We considered subject with fasting glucose less than 110 mg/dL as free of diabetes and subject with fasting glucose 110-140 mg/dL, who was excluded from final cohort, as an indeterminate case. None of the incident cases had features suggestive of insulindependent diabetes mellitus such as a history of ketosis or immediate need for insulin therapy at diagnosis. The earliest date of diagnosis of diabetes available in medical records was defined as the event date. . However, the number of incident cases of 'thin' group was too small for analysis and thus we combined the 'thin' and 'ideal' groups. Cox proportional hazards model was used to assess the independent contributions of the individual risk factors to the subsequent NIDDM, and to obtain relative risks adjusted for other risk factors. The assumption of proportionality underlying these regression models was confirmed by examining log-log plots. All tests of significance were two-tailed.
RESULTS
The general characteristics of the subjects are shown in Table 1 . The mean age was 45.9 yr (range, 17 to 80) for men and 44.3 yr (range, 17 to 75) for women. After a mean follow-up period of 5.95 yr, there were 117 new cases of NIDDM among the 2,531 subjects. The annual incidence was calculated as 7.8 per 1,000 person-yr of follow-up (9.4 in men and 5.2 in women). Table 2 shows the estimated incidence rates of NIDDM according to variables, which, for men, increased with advancing age, BMI, and greater than 30 pack-years of smoking. For women, advancing age, BMI, greater than 30 pack-years of smoking, and increasing educational level were associated with increasing estimated incidence of NIDDM. Family history of diabetes was a significant risk factor for developing NIDDM in men, but not in women. Table 3 shows the relative risks of NIDDM at different ranges of BMI, adjusted for age, more than 30 pack-years of smoking, and a family history of diabetes in men, and educational levels for women. Compared with men having BMI less than 23 kg/m 2 , the adjusted relative risks for diabetes mellitus for men with BMI 23-24.9, 25-26.9 kg/m 2 , and greater than 27 kg/m 2 were 0.85 (95% CI, 0.47-1.50), 1.29 (0.72-2.31), and 3.38 (1.22-4.63), respectively. For men, age, more than 30 pack-years of smoking, and a family history of diabetes were risk factors for NIDDM. Compared with women having BMI less than 23 kg/m 2 , the adjusted relative risks for diabetes mellitus in women with BMI 23-24.9, 25-26.9, and greater than 27 kg/m 2 were 9.14 (1.99-4.18), 7.36 (1.47-36.8), and 14.5 (3.03-69.2), respectively. As for women, age and more than 30 packyears of smoking were risk factors for NIDDM. Educational level lost its significance when adjusted for other risk factors.
DISCUSSION
In this retrospective cohort study, we observed a strong positive relationship between BMI and the risk for NIDDM in Korean adults. Risk increased with BMI greater than 23 kg/m 2 after adjusting for other risk factors. Age, total smoking amount over 30 pack-years, and a family history of diabetes were significant predictors of risk for NIDDM in men. Age and total smoking amount were significant predictors of risk for NIDDM in women.
We chose 2,531 study subjects from 4,287 baseline subjects. To rule out selection bias from this process, we reviewed the basic characteristics of follow-up and non-followup group. The follow-up group has more men than non-follow-up group. Except difference from sex, the baseline BMI between two groups did not show any statistical differences. This may lead to biased incidence rate of NIDDM in these study subjects compared with Korean population. But our study question is not to identify the incidence of NIDDM in Korea but to identify the obesity is a risk factor to developing NIDDM. As we analyzed data separately, the sex difference would not affect on the risk evaluation between obesity and diabetes.
Studies with a wide range of populations including Scandinavians (13), South Pacific Islanders (14) , Pima Indians (15), and Mexican Americans (16) have shown an association between obesity and diabetes. Even though the natural history of NIDDM in Koreans seems to be quite different from those in other ethnic groups (6), we identified similar associations in Korean adults.
Although BMI was the main predictor of risk for NIDDM, the effect of BMI on NIDDM was different in men and women, with a greater risk for women than men, especially those with a lower BMI. Women with a normal weight were at increased risk compared with women having BMI less than 23 kg/m 2 . Our results showed similarities to those of the Nurses' Health Study (17 were at increased risk for clinical NIDDM and that the relationship between BMI and risk for diabetes was continuous. The longitudinal design of this study greatly reduced the probability of biased reporting of weight and avoided the problem of weight change following the diagnosis of diabetes, which might be a serious problem in case-control studies. Accuracy of diagnosis of NIDDM was ensured by requiring two physicians to agree on the diagnosis based on data in medical records. It is still controversial whether cigarette smoking is a risk factor for the development of NIDDM (18) (19) (20) (21) . Our study showed an association between cigarette smoking and risk of diabetes. For men, the smoking history over 30 pack-years was a strong predictor of diabetes. For women, the risk of diabetes increased with the amount of smoking.
Family history of diabetes was a predictor of risk for NIDDM in men, but not in women. The role of heredity in the etiology of NIDDM is well established (22, 23) . We asked study subjects about their family history of diabetes in siblings or parents. Because the number of women who developed NIDDM was small, the data might have been insufficient to reveal a true association between NIDDM and family history of diabetes.
Physical activity was not associated with risk for NIDDM in this study. Increased physical activity was effective in preventing NIDDM, especially in persons at the highest risk for the disease (24, 25) . We surmised that only a small number of obese study subjects along with the short period of follow-up in our study made it difficult to detect the protective effect of exercise.
BMI has been found to be a powerful predictor of NIDDM in studies of both men and women (26) (27) (28) (29) (30) . Body fat distribution also has important effects on health. Recent studies have reported that abdominal obesity increases the risk of diabetes among men independently of BMI, confirming the previous data in cross-sectional studies (31) (32) (33) (34) . Measurements to assess fat distribution were not available in the study period with Asan cohort for this report.
An important limitation of this study is the small number of incident NIDDM cases in women. Only two incident NIDDM cases developed in women with BMI less than 23 kg/m 2 , with a wide range of 95% confidence interval. For future investigations, a larger number of cases are needed to build appropriate groups according to BMI, and thus to reveal the effects of minimal obesity. The incidence of NIDDM in this study lacks an external validity because our study subjects do not necessarily represent the general Korean population. Even with these limitations, these data identified risk factors for the development of NIDDM in Korean population.
The average BMI of Korean population is relatively low. Overweight persons with BMI over 25 kg/m 2 comprise 16.7% of total population in men and 11.0% in women (35) . Nonetheless, these data indicate that obesity is a risk factor for the development of NIDDM, and weight reduction would be effective for the primary prevention of NIDDM in Korea.
